A study of pH and alkalinity in thirty-nine groundwater locations in the semi-arid region of Central India was carried out with the objective of monitoring and controlling the groundwater pollution seasonally. The study area was Sidhi district bounded by Son river in North, Gopad river in the east, Banas river in the west and Kusmi forest in the south. Geologically, the entire Sidhi district is dissected into Vindhyan, Archean, Dharwar and Permian regions. The study revealed higher alkalinity in the area ranging beyond the standard permissible limit while pH of all locations was well within the permissible limits (8.5). Increased pH and alkalinity were reported in the monsoon. The prevailing hydrochemical processes are water-rock interaction, seepage, percolation and leaching in the Sidhi district.
INTRODUCTION
Groundwater is the most esteemed wealth of nature for sustenance of life on earth and any developmental activity. Despite being a common commodity, water is scarce on the earth and has no substitute. As per Kumar et al., 2005 retrieval of safe drinking water is imperative, as 30 % of urban and 90% of rural Indian population depends utterly on untreated groundwater resources. Understanding of the hydrogeochemical processes and pollutant source and regular monitoring of water quality are essential for sustainable development and effective management of groundwater resources of any region.
The pH and alkalinity play an important role in managing groundwater resource. By measuring pH and alkalinity, the character of the sample could be quickly ascertained and related to the geochemistry of the strata. Values of pH beyond the range of 5.0-10.0 indicate industrial pollution and disastrous event. Long-term database on alkalinity values provides researchers with the ability to detect trends in the chemical makeup of waters (Voluntary Estuary Monitoring Manual, 2006). Weathering of carbonates adds alkalinity to the water bodies and raises the pH (Sengupta, 2014) . Kupwade and Langade (2013) reported excess alkalinity reacts with cations resulting in precipitates, which can damage the pipes, valves, etc.
The pH is a negative log of hydrogen ion concentration which indicates whether a substance will behave as an acid or a base and alkalinity maintains a fairly stable pH by neutralizing acids. pH of 7.0 probably represents a neutral system, with greater pH being alkaline and decreased being acid. pH = -log 10 (McDonald, 2006) . The groundwater quality in any area is a function of its physical and chemical parameters which in turn are highly inûuenced by geological formations, climatic conditions, and anthropogenic activities (Matthess, 1982; Subramani et al., 2005) . Groundwater chemistry varies depending on duration of contact of groundwater with a particular rock. The longer the duration of contact, the greater is the effect of rock chemistry on the formulation and pH of the groundwater. The chemical formulation of the bedrock tends to buffer the pH of the groundwater. Groundwater passing through carbonate-rich rocks (e.g. limestones and marbles) usually has pH values more than 7. American Ground Water Trust (2003) reported that the acidic nature of the groundwater persist if the geology of the aquifer has few carbonate rocks (e.g., sandstones, metamorphic granitic schists and gneisses; volcanic rocks, etc.) the ground water will tend to remain acidic. Hence, the purpose of the study was to figure out the seasonal variation in pH and alkalinity of groundwater in semi-arid regions around Central India.
MATERIALS AND METHODS

Study area
The Sidhi District is situated on the Northeastern boundary of the Madhya Pradesh State, India which lies over a transitional area between the Indo-Gangetic plain in the north and the Deccan plateau in the south. It is situated between 22 47.5' and 24 42.10' North latitude and 81 18.40' and 82 48.30' East latitude (Fig. 1) . The total land covered in the Sidhi district is 10,536 km 2 in which the forest area covers 40 %. The total population of the area is 11, 26,515 spread with a density of 110/km 2 (Census, 2011).
Geology
The study region (Sidhi district) in Central India is a part of the Vindhyan-Mahakoshal basin, one of the largest Proterozoic basins in India (Auden, 1933; Tondon et al., 1991) , is an important geological domain experience semiarid climate. This zone is marked by linear ridges and low mounds of heterolithic breccias include highly fertile Neoarchean to Palaeoproterozoic basement-cum-provenance (Chhotanagpur Granitic Gneissic Complex), presence of phyllites/carbon phyllites, episodic mafic and acid magmatism and basement reactivation (Banerjee et al., 2010) . Topographically the district can be dissected into three zones, Vindhyan hills or Kaimour range, Gondwana zone, and Archean zone. Roy and Bandyopadhyay, 1990 reported the oldest rock units of Tonalite-Trondjhemite series of Sidhi district formed during proto-continental stage (3.7-2.9 Ga) characterizing the age-old concretion.
Fig. 1: Map showing (a) sampling locations (b) geological classification of the Sidhi district
Field sampling and laboratory analysis
To understand the role of pH and alkalinity in assessing the groundwater quality, 39 groundwater samples were collected from hand pumps in such a way that they represent different geological formations and land use patterns at irregular domain of the Sidhi District in the pre-monsoon (June-2013) monsoon (August-2013) and post-monsoon (January-2014). The report on the age of hand pumps were collected from the dwellers and the range varied from less than one year to twenty years, with an average of seven years. Thity-nine groundwater samples were collected in pure polypropylene bottles without any air bubbles in all the three seasons, respectively. Groundwater samples were filtered through 0.45 µm Millipore filter paper. pH was monitored using electromeric method and alkalinity was determined by titrimetric method as per APHA (2012). Analysis was carried out in duplicates to quantify the error. An overall precision was obtained below 5 % for the entire samples.
RESULTS AND DISCUSSION
In the present study pH and alkalinity have shown similar spatial and seasonal variations. The pH of ground water varied from 6.2-7.8, 7.1-8.5, and 6.8-7.9 in the pre-monsoon, monsoon and post-monsoon (Fig. 2a) indicating alkaline pH in the monsoon while acidic to alkaline pH in the premonsoon and post-monsoon. The pH values were recorded within the standard permissible limit of 6.5-8.5 (IS: 10500). The Total alkalinity of groundwater locations of Sidhi district ranged from 236-798, 624-1388 and 568-894 mg/l (Fig. 2b) in the pre-monsoon, monsoon and post-monsoon, respectively and were above the recommended permissible limit of 600 mg/l. Greater pH and alkalinity were recorded in monsoon season and showed a positive correlation with one another.
Water during monsoon season percolates through the bicarbonate, carbonate, calcite and fluorite rich rocks and leach out into the groundwater from nearby rocks leading to enhanced alkalinity (Raju et al., 2014, Naaz and Anshumali, 2015) . Groundwater from limestone aquifer is likely to have high hardness and alkalinity due to the dissolution of bicarbonates and carbonates (Chris, 2010) . The high alkalinity may be due to the presence of limestone in the rocky strata as a result of which certain minerals or salts dissolve in water and impart alkalinity (Kumar, 2005 
CONCLUSIONS
Higher values of pH were recorded in monsoon and post-monsoon while lower value of pH was recorded in summer. The groundwater quality of the study area has a principal issue of high alkalinity. The high alkalinity in the monsoon and post-monsoon seasons were mainly due to the weathering of carbonate minerals (limestone and dolostone) present in the country rock. Water during monsoon percolates through the soil profile and rocky strata results into enrichment of dissolved solids and contributed temporary and permanent hardness in the subsurface water. In nutshell, groundwaters supply need treatment before consumption in the Sidhi district.
